ABSTRACT OBJECTIVE: To develop and apply a method to quantify bias parameters in the case example of the association between alcohol use and HIV-serodiscordant condomless anal sex with potential confounding by sensation seeking among men who have sex with men (MSM), using expert opinion as an external data source.
P
otentially HIV-discordant unprotected anal intercourse is defined as having condomless anal intercourse between an HIV-negative and an HIV-positive partner, and has been used as a measure for sex of highest HIV transmission and acquisition risk among men who have sex with men (MSM). 1, 2 Previous research showed that this risk was higher in heavy alcohol drinkers than in low-level alcohol drinkers or non-drinkers in both HIV-positive and HIV-negative MSM. 1 Sensation-seeking personality trait is identified as the intention to be involved in various high-risk activities. Among MSM, sensation seeking can act as a risk factor for HIV through highrisk behaviours such as having condomless intercourse. 3 On the other hand, Kalichman et al. showed that sensation seeking is also a risk factor for heavy alcohol use. 4 Therefore, sensation seeking can predict alcohol consumption during sexual activities among MSM. Based on this scenario, sensation seeking could be a confounder for the effect of alcohol use on risky sex among MSM. Since sensation seeking is not often included in behavioural surveys of populations at risk for HIV, 5 it would be an unmeasured confounder in many studies and could not be adjusted for using conventional statistical methods. An alternative approach to adjust for unmeasured confounders is Bayesian bias analysis. The Bayesian method uses prior distributions for the bias parameters as inputs to estimate the adjusted effects. 6 Using expert opinion is one method to derive prior distributions, especially when internal data sources (such as directly measured confounders or qualitative internal substudies) are not available. 7 In the above example, the bias parameters needed are the prevalence of the confounder (sensation seeking) among exposed (heavy drinkers) and unexposed (low-level drinkers) and the association between the confounder and outcome (condomless anal sex). 6 Using expert opinion, this study aims to derive the prior distributions of bias parameters to adjust an unmeasured confounder when internal data sources are not available.
METHODS

Study participants
We conducted an expert panel survey by approaching 41 researchers and clinicians knowledgeable about high-risk behaviour among MSM. We used three different methods to find experts. In a publicly announced lecture on our research area, we identified 7 experts among our university's faculty. An additional 24 experts were identified as the corresponding authors of peerreviewed published papers on alcohol use, sensation seeking, and risky sexual behaviour in medical databases such as PubMed. In both methods we asked the experts to introduce us to other experts in the related area of research. Ten experts were located using this referral method.
Measures
Each expert received an online survey and a follow-up reminder on each of weeks 2 and 4. After explaining the study objectives and acquiring their consent, we sent them a short electronic survey asking them to provide their best guess for the bias parameters in the causal diagram shown in Figure 1 .
Experts were asked to guess the prior mode and 95% limits for the following bias parameters in the population of HIV-positive and HIV-negative MSM separately:
• Proportion of high sensation-seekers among heavy alcoholdrinking MSM.
• Proportion of high sensation-seekers among low-level alcohol-drinking MSM.
• Risk ratio (RR) of the association between sensation seeking and potentially HIV-discordant condomless anal sex.
The RR of the association between sensation seeking and alcohol use, as one of the bias parameters, can be calculated from the first two questions (proportion of high sensation seekers).
To simplify the exercise, we asked experts to consider alcohol use and sensation seeking as dichotomous variables of high and low. Using the definition of the National Institute on Alcohol Abuse and Alcoholism (NIAAA) for alcohol use, we indicated that a lowlevel drinker is one who "has no more than 4 drinks on any single day and no more than 14 drinks per week". Heavy drinkers were defined as "drinking 5 or more drinks on the same occasion on each of 5 or more days in the past 30 days". In the US, one "standard" drink contains roughly 14 g of pure alcohol. 8 For sensation seeking, we clarified to participants to consider the definition of Newcomb et al. 9 In this definition, people are categorized into low and high sensation-seekers based on their scores earned from Hoyle et al.'s 8-item brief sensation-seeking scale. We posited that experts consider high sensation-seekers as those scoring high in the scores ranging from 1 to 5.
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Statistical analysis
We used descriptive statistics and a non-parametric bootstrap method with 10,000 repetitions, due to small sample size, to summarize the observed data and calculate the mean, 95% confidence interval (CI) and 95% simulated interval (SI) for each prior mode and 95% prior limits reported by experts. For the nonparametric bootstrap, we used the frequency distribution of the experts as our best guess of the probability distribution of each bias parameter. We then ran 10,000 iterations, each one generating a new bootstrap replicate. From these replicates samples, we generated the sampling distribution and calculated the mean and 95% SI for each bias parameter.
Since the third bias parameter was the RR, we used the logarithmic scale and calculated the geometric mean.
Histograms were used to show the distributions of the sensationseeking bias parameters based on the observed data. We chose the beta distribution as the prior for proportions and normal distribution as the prior for lnRR (natural logarithm of RR); we used the moment method on the reported prior modes to determine the bias distribution parameters. We used Stata Version 14 for the descriptive and bootstrap analysis and R software Version 3.2 for other analyses.
RESULTS
Eleven of the 41 experts approached agreed to participate. Five were faculty of our university, three were the corresponding authors of peer-reviewed published papers on the topic of alcohol use and risk behaviour, and three were referred experts from other participants. Table 1 shows the prior mode and 95% prior limits of the bias parameters along with the 95% CIs and 95% SIs. Based on the experts' opinions, the means of the prior mode for the proportion of high sensation seekers among heavy alcohol-drinking HIVpositive and HIV-negative MSM were 53.6% (95% SI 45.2%-61.9%) and 41.0% (95% SI 31.6%-50.4%) respectively. According to the experts' responses, the proportion of high sensation seeking varied from 37.2% (95% SI 26.2%-48.2%) to 68.2% (95% SI 60.6%-75.8) among HIV-positive heavy drinkers. Likewise, the parameter varied from 29.5% (95% SI 19.8%-39.2%) to 54.6% (95% SI 44.4%-64.8%) among HIV-negative heavy-drinking MSM.
The prior modes and 95% prior limits of the second bias parameter (i.e., the proportion of high sensation-seekers among low-level alcohol-drinking MSM) were similar for HIV-positive and HIV-negative MSM. The means were 26.9% for HIV-positive MSM and 25.3% for HIV-negative MSM. The expert estimated RR of the association between sensation seeking and potentially discordant condomless anal sex (the third bias parameter) was 2.4 among HIVpositive MSM and 1.9 among HIV-negative MSM. Figure 2 shows the empirical distribution of the reported prior modes for three bias parameters in HIV positives and HIV negatives, separately. The estimated bias parameters based on the moment technique for the specified distributions of the priors are shown in Figure 3 . The beta parameters (α, β) for the proportion of high sensation-seekers among HIV-positive heavy drinkers were (5.50, 4.78) respectively (Figure 3a) . Since the first beta parameter is considerably less than the second parameter (i.e., α < β) for the proportion of high sensation seeking among low-level alcohol drinkers (Figures 3c and 3d) , the beta distributions are skewed to the right. The prior for lnRR followed a normal distribution 
DISCUSSION
We found that expert opinion was feasible and informative in providing estimates of bias parameters necessary for probabilistic bias analysis. In our case study, experts estimated that around 50% of heavy-drinking MSM and 25% of low-level drinking MSM had high sensation seeking. Risk of having condomless anal sex among high sensation-seekers was approximately two-fold more than among low sensation-seekers. All these parameters were slightly higher in HIV-positive than in HIV-negative MSM. The exercise provided a confirmation that sensation seeking is a confounder for the effect of alcohol on sexual risk suggested by other studies. 4 Our approach further quantified the level of the confounding.
There are different approaches to adjusting for measured confounders of the effect of interest, such as propensity scores, regression, stratification and matching. Instrumental variable analysis and Bayesian analysis are approaches to deal with unmeasured confounders. 10, 11 A valid instrument should be associated with the exposure (either because the instrument affects the exposure or because the exposure and instrument share a common cause), should affect the outcome only through the exposure, and should not share common causes with the outcome. 11 Thus, it is challenging to identify a valid instrument in most observational studies, including our study. Therefore we explored the use of Bayesian analysis in this study, with implications for other studies in similar circumstances.
The most crucial and difficult part of probabilistic or Bayesian bias analysis is prior specification. 6 Although priors can be estimated by different methods, a good prior needs to be valid Figure 3 . Prior distributions and the related parameters in the association between alcohol use and potentially HIV-serodiscordant condomless anal sex with potential confounding by sensation seeking.
and reliable. 12 One approach is to estimate the priors of unmeasured confounding by the magnitude of the measured confounding under the strong assumption of exchangeability of confounding effects of measured and unmeasured confounders. 13 Another approach to estimate priors is using the internal data sources, such as validation substudies. 6 The third approach is to consult experts on their beliefs. Expert opinion is useful when the effects of measured and unmeasured confounders are not similar, or are undetermined, and internal data sources are not available. 6, 12, [14] [15] [16] In brief, we used this method to quantify an abstract concept into quantified bias parameters. Behavioural surveys among MSM usually estimate the association between alcohol use and risky sex without considering the effect of sensation seeking, 1 which is a potential confounder in this causal pathway. 4 Using the findings of this study, investigators can consider the confounding effect of sensation seeking and estimate the adjusted effect of alcohol use on risky sex among MSM.
Limitations
Our findings have limitations. The most important is the limited number of experts who responded to the survey. The understandable reason is that quantifying the bias parameters is not easy for the expert in the absence of their own data. 12 The marked difference between the observed data distributions ( Figure 2 ) and the specified prior distributions (Figure 3 ) can be due to the small sample size. Despite the limitation of our study, the distribution of parameters looks to be precise enough to conduct the bias analysis. Furthermore, in Bayesian analysis of epidemiologic data, prior specification could be based on just one expert opinion which may be biased or overconfident. We used 11 experts' opinion to have more rigorous priors.
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CONCLUSION
We found that experts' opinion is feasible and can be used to quantify the level of confounding. The resulting parameters can be used to adjust for confounding (bias analysis) and to make causal inferences. In particular, our approach is applicable to situations where the study did not measure a confounder, and therefore conventional methods to adjust for confounding, such as stratification, matching and multiple regressions, cannot be implemented. This situation is all too common in observational studies in multiple fields. 
